A soluble mutant of the transmembrane receptor Af1503 features strong changes in coiled-coil periodicity.
Structures of full-length, membrane-bound proteins are essential for understanding transmembrane signaling mechanisms. However, in prokaryotic receptors no such structure has been reported, despite active research for many years. Here we present results of an alternative strategy, whereby a transmembrane receptor is made soluble by selective mutations to the membrane-spanning region, chosen by analysis of helix geometry in the transmembrane regions of chemotaxis receptors. We thus converted the receptor Af1503 from Archaeoglobus fulgidus to a soluble form by deleting transmembrane helix 1 and mutating the surface residues of transmembrane helix 2 to hydrophilic amino acids. Crystallization of this protein resulted in the structure of a tetrameric proteolytic fragment representing the modified transmembrane helices plus the cytoplasmic HAMP domain, a ubiquitous domain of prokaryotic signal transducers. The protein forms a tetramer via native parallel dimerization of the HAMP domain and non-native antiparallel dimerization of the modified transmembrane helices. The latter results in a four-helical coiled coil, characterized by unusually large changes in helix periodicity. The structure offers the first view of the junction between the transmembrane region and HAMP and explains the conservation of a key sequence motif in HAMP domains.